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Description 

Background Art 

Monolithic integration of compound semicon- 5 
ductor (Group lll-V or tl-VI) devices and silicon 
devices on a common substrate has the potential 
for achieving very substantial improvements in the 
performance of Very Large Scale Integrated (VLSI) 
circuits. In particular, Monolithic integration of a 10 
GaAs compound semiconductor device and Silicon 
devices on a common substrate (MGS) enhances 
the VLSI circuit by combining the performance of 
silicon circuits with gallium arsenide and/or alu- 
minum gallium arsenide optoelectronic components 15 
and high speed gallium arsenide and/or aluminum 
gallium arsenide circuits. 

For example, the through-put of a silicon VLSI 
system may be considerably increased by integrat- 
ing high-speed gallium arsenide input and/or output 20 
circuits, signal processing units and/or cache mem- 
ory devices. As another example, gallium 
arsenide/aluminum gallium arsenide optoelectronic 
interface units may provide high-data-rate optical 
links to replace wire interconnects between silicon 25 
VLSI subsystems. 

While there exists a 4% lattice mismatch be- 
tween gallium arsenide and silicon; device-quality 
gallium arsenide layers have been grown on silicon 
substrates by both molecular beam epitaxy (MBE) 30 
and metal organic chemical vapor deposition. For 
true MGS integration, however, it is necessary to 
fabricate both gallium arsenide and silicon devices 
on the same wafer or substrate. Monolithic integra- 
tion of GaAs and Si FET devices is know from 35 
Technical Digest on GaAs IC Symposium, Mon- 
teray, 12-14 November 1985, pages 71-73; and 
from Technical Digest on International Electron De- 
vices Meeting, Washington, DC, 1-4 December 
1985. pages 766-767. Integration of GaP and Si 40 
devices on a common Si substrate is also known 
from DE-A-3 404 875. 

Disclosure of the Inventio n 

45 

The present invention relates, in general, to a 
method for fabricating compound semiconductor 
devices of lll-V or ll-VI material and semiconductor 
devices of silicon on a common substrate. The lll-V 
material is preferably gallium arsenide or alloys of 50 
gallium arsenides, such as aluminum gallium ar- 
senide. The ll-VI material may comprise cadmium 
telluride. For ease in description, it should be un- 
derstood that references hereafter to gallium ar- 
senide are intended to also encompass aluminum 55 
gallium arsenide or other gallium arsenide metal 
alloys, as well as gallium arsenide itself, unless 
otherwise indicated. 
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The present invention is a method of fabricat- 
ing compound semiconductor devices (210) of lll-V 
or ll-VI material and semiconductor devices (200) 
of silicon on a common substrate of a first con- 
ductivity type with low resistance interconnections 
between the compound semiconductor devices and 
the silicon devices formed in the substrate com- 
prising the steps of: 

(a) forming Si devices (200) having regions of a 
second conductivity type opposite to said first 
conductivity type (34730 f /32') and wherein one 
of said regions (32') extends laterally along the 
planar surface of the substrate; 

(b) forming a protective layer (16717*) over the 
Si devices and the remainder of said substrate 
surface; 

(c) forming openings laterally displaced from the 
Si devices through said protective layer to ex- 
pose regions of the surface of said substrate, a 
portion of the perimeter of one of said openings 
being coextensive with said extended region, the 
substrate region underlying said opening being 
heavily doped to form a low resistance region 
(50) of said second conductivity type extending 
to the planar surface of the substrate in contact 
with the extended region; 

(d) forming a layer (54) of said compound semi- 
conductor on the protective layer and the ex- 
posed surface regions, which layer is single 
crystalline above the exposed surface regions 
and polycrystalline elsewhere; 

(e) removing the compound semiconductor poly- 
crystalline layer; 

(f) forming said compound semiconductor de- 
vices (56/58/60/62) having junctions formed of 
second conductivity type regions on the remain- 
ing single crystalline compound semiconductor 
(54) with the low resistance region (50) contact- 
ing said extended region 32' of said Si devices 
to form said low resistance interconnection in 
said substrate; and 

(g) forming ohmic contacts (72, 70, 28') on said 
devices (200, 210). 

The foregoing and other features and advan- 
tages of the invention will now be described in 
connection with the drawings. It should be noted 
that in the embodiments shown herein, GaAs or 
AIGaAs has been chosen to illustate the process, 
but as mentioned above, other lll-V compounds or 
alloys, such as InP. etc., may be substituted there- 
fore or ll-VI compounds, such as CdTe may be 
employed in place of the lll-V compounds. 

Brief Description of the Drawings 

Fig. 1A-D are schematic cross-sectional draw- 
ings of the silicon processing for an MGS, not 
forming part of the present invention, wherein a 
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silicon MOSFET is fabricated along with a gal- 
lium arsenide MESFET on a single silicon sub- 
strate. 

Fig. 1A shows the silicon MOSFETs fabri- 
cated in selected areas of the silicon sub- 
strate and the device is covered with a pro- 
tective layer of Si02/Si 3 N*. 
Fig. 1B shows the gallium arsenide epitaxy 
processing step. 

Fig. 1C shows the gallium arsenide MESFET 
processing, and 

Fig. 1D shows the silicon contact formation 

and metallization process steps. 
Fig. 2 is a plot of the transistor characteristics 
{current in milliamps v. voltage with 200 millivolt 
gate voltage steps between curves) of a gallium 
arsenide MESFET made in accordance with the 
invention. 

Fig. 3 is a plot of the gate Schottky diode 
characteristics of a gallium arsenide MESFET 
made in accordance with the invention. 
Fig. 4 is a plot of the silicon MOSFET char- 
acteristics (A) with and (B) without gallium ar- 
senide MESFET processing steps. 
Fig. 5 is a schematic cross-sectional diagram of 
a monolithically integrated silicon MOSFET 200 
and gallium arsenide/aluminum gallium arsenide 
light emitting diode 210 made in accordance 
with the invention. 

Fig. 6 is a drawing of a planar top view of the 
gallium arsenide/aluminum gallium arsenide LED 
210 and the surrounding silicon MOSFET 200 of 
Fig. 5. 

Fig. 7 is a plot of the silicon MOSFET char- 
acteristics of Figs. 5 and 6 (A) with and (B) 
without gallium arsenide/aluminum gallium ar- 
senide LED processing steps. 
Fig. 8 is a plot of the current vs. voltage char- 
acteristics of the MGS LED of Figs. 5 and 6. 
Fig. 9 is a plot of a light output vs. current 
characteristics of the MGS LED of Fig. 5. 
Fig. 10 is a plot of the modulation characteristics 
of an MGS LED at (A) 20 megahertz and (B) 27 
megabits per second. The bottom, middle and 
top traces are the time wave forms of the gate 
voltage V g , drain or LED current I, and light 
output L, respectively. 

Best Mode of Carrying Out the Invention 

I. INTEGRATION OF Si MOSFETs and GaAs MES- 
FETs 

The sequence of processing steps for fabricat- 
ing MGS Si MOSFETs and GaAs MESFETs on an 
Si substrate is shown in Figs. 1A-D. This process 
has previously been published in Technical Digest 
on International Electron Devices Meeting, Wash- 



ington, DC, 1-4 December 1985, pages 766-767. 
Referring to Fig. 1A, the Si MOSFETs 10 are 
fabricated first, except for contact openings and 
final metallization, on selected areas of a 1-3 ohms- 
5 cm p-type Si single crystal wafer or substrate 12 
oriented 3* off the (100) crystalographic plane 
toward the (111) plane. A standard poly-Si gate 
process is used for MOSFET fabrication. This poly- 
Si process consists, in general, of forming a ther- 

io mal oxide S1O2 layer 14 over the wafer 12; forming 
openings through layer 14; forming a thin gate 
oxide layer 15; depositing a poly-Si layer (not 
shown) over the entire wafer; etching the poly-Si 
layer outside the gate area 30; performing ion 

75 implantation using poly-Si gate 30 and Si02 14/15 
as a mask for ion implantation of drain and source 
n+ regions 34 and 32, respectively. The gate 
region 30 is also doped by ion implantation at the 
same time to form an n + gate. 

20 Chemical vapor deposition is then employed to 
cover the entire wafer with successive layers of 
Si02 16 and Si 3 N* 17 to protect the MOSFET 
structures during subsequent GaAs epitaxy and 
subsequent MESFET processing. The SisN* layer 

25 is used because Si02 is a poor diffusion barrier for 
Ga. However, for thin film, low temperature GaAs 
layers, a single layer of S1O2 may be adequate. 

Referring to Fig. 1B, 300 x 10 -3 mm (300 
micron) square openings are etched in the 

30 SiaNi/SiCfe cap layers 17/16 and oxide layers 14/15 
to expose the bare Si substrate surface in the 
regions where GaAs devices are to be fabricated. 
GaAs layers 18 are then grown over the entire 
wafer, such as by MBE. 

35 Preferably, before being loaded into the MBE 
system, the wafer, as thus far processed, is 
throughly cleaned and any surface oxide present is 
etched from the bare Si regions by dipping in HF. 
The wafer is heated in situ to about 850 *C for a 

40 short period to desorb any remaining surface ox- 
ide. GaAs growth is initiated at a relatively low 
temperature to promote GaAs nucleation, and the 
temperature is then raised to about 580 *C for the 
remaining growth. The GaAs 20 grown on the bare 

45 surface Si 12 is single-crystal material, while that 
on the nitride 17 is polycrystalline 21. 

Transmission electron microscopy shows that 
the single-crystal GaAs near the GaAs/Si interface 
has a dislocation density exceeding 10 10 cm -2 due 

50 to the lattice mismatch. As growth continues, how- 
ever, only a small fraction of the dislocations prop- 
agate toward the surface. Material with a disloca- 
tion density of 10 6 - 10 7 cm" 2 is obtained when the 
thickness exceeds about 2 x 10~ 3 mm (2 microns). 

55 Referring to Fig. 1C, the GaAs layers grown for 
the MESFET structure 100 are a 4 x 10" 3 mm (4 
micron) thick nominally undoped buffer layer 20', 
an n active layer 22 doped with Si to 3 x 10 17 
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cm" 3 , and an n + contact layer 24 doped to more 
than 2 x 10 18 cm" 3 . 

The polycrystalline GaAs 21 is then etched 
away (as shown in Fig. 1C),and MESFETs are 
fabricated in the single-crystal regions by the con- 
ventional recessed gate process. The gate metal 
27 is A1 , and Ge/Au/Ni is used for ohmic contacts 
26. Next, (See Rg. 1D) contact openings for the Si 
MOSFETs 10 are etched in the ShNt/SiO* layers 
17/16 and oxide layer 15, and metallization 28 to 
provide ohmic contacts is performed by evaporat- 
ing Al to complete fabrication of MOSFET 10. 
Metal interconnections 29 may be similarly formed 
between the MESFET and MOSFET contacts. 

An Si MOSFET with an adjacent GaAs MES- 
FET has been fabricated, as above, in which the 
gate lengths of the Si and GaAs devices are 5 and 
1 microns, respectively, and in which the gate 
width is 40 microns for both devices. The GaAs 
MESFETs have well behaved characteristics, as 
shown in the transistor l-V plot of Rg. 2, with 
transconductance of about 150 mS/mm. The mea- 
sured source resistance is about 1 ohm-mm giving 
an intrinsic transconductance of about 175 mS/mm. 
The output conductance has a fairly low value of 
about 3.5 mS/mm. The gate Schottky diodes have 
a breakdown voltage of more than 10 V and negli- 
gible leakage current, as shown in Fig. 3, and the 
breakdown is sharp. These results are comparable 
to those obtained for state-of-the-art GaAs MES- 
FETs of similar gate length fabricated on single- 
crystal GaAs substrates. 

The MGS Si MOSFETs have normal transistor 
characteristics, as shown in Rg. 4A. The transcon- 
ductance is about 19 mS/mm for a gate oxide 
thickness of 80 nm (800 A). Rg. 4B shows the 
transistor characteristics of control devices fabri- 
cated on a separate Si wafer. The characteristics of 
the devices fabricated with and without GaAs pro- 
cessing steps are seen to be nearly identical. 

II- INTEGRATION of Si MOSFETs AND 
GaAs/AIGaAs DOUBLE-HETEROSTRUCTURE 
LEDi ~ 

Fig. 5 is a partial schematic diagram of an 
embodiment of the invention in cross-section. In 
this embodiment GaAs/AIGaAs double-heterostruc- 
ture, LEDs 210 are formed on a Si substrate 12* 
surrounded by a ring-type MOSFET 200. The right 
side of the ring is not shown in Fig. 5 for simplicity. 
The sequence of processing steps is as follows. 
After initial thermal oxidation 14 1 of a p-type Si 
wafer 12\ openings of 200 x 10 _3 mm (200 
microns) x 400 x 10* 3 mm (400 microns) are 
etched in the Si02 14\ and a high dose of arsenic 
ions is implanted to form n+ islands 50 by con- 
verting the surface of the exposed Si wafer 12*. A 



Si MOSFET 200 is fabricated around each n + 
island, except for contact openings and final metal- 
lization. The MOSFET drain region 32* is in contact 
with the edge of n + island 50. The entire wafer is 
5 capped with successive layers of Si02 16' and 
SiaN* 17', and openings are etched to expose the 
n + Si islands 50. It should be noted that the n + Si 
islands 50 could be formed during the formation of 
the GaAs layer. Molecular beam epitaxy is em- 

w ployed to deposit the following series of layers for 
the LEDs: 3 x 10 _3 mm (3 microns) thick n + GaAs 
buffer 54, a 0.5 x 10" 3 mm (0.5 microns) thick n 
Alo.3Gao.7As 56, a 0.4 x 10" 3 mm (0.4 microns) thick 
p GaAs active 58, 0.5 x 10~ 3 mm (0.5 microns) 

75 thick Alo.3Gao.7As 60, and 0.25 x 10" 3 mm (0.25 
microns) thick p+ GaAs cap 62. The growth con- 
ditions are similar to those described in the pre- 
vious embodiment above, except that the AIGaAs 
growth temperature is about 700 *C. 

20 The heavily doped n+ Si island 50 forms an 
internal low resistance interconnect between the 
drain 32* of the Si MOSFET 200 and the n + GaAs 
cathode 54 of LED 210. 

The polycrystalline GaAs/AIGaAs layers depos- 

25 ited as above on the SiaNWSiCb cap are removed 
by etching. Octagonal mesas for LEDs are formed 
in the monocrystalline GaAs/AIGaAs islands grown 
on bare Sijby etching down to the n + GaAs buffer. 
Plasma-enhanced chemical vapor deposition is 

30 used to deposit SiN x 64 over the entire wafer. 
Contact openings are etched in the nitride layer 64 
for LEDs and in the nitride/oxide layer 64/17716' 
15' 14' for MOSFETs. Metallization is performed by 
evaporating A1 28' on the MOSFETs and Ni/Ge/Au 

35 70 and Cr/Au 72, respectively, on the cathode 54 
and anode 62 of the LEDs 210. 

Contact 28' to the MOSFET drain 32' and 
contact 70 to the LED cathode 54, although not 
utilized in joint operation of the two devices, are 

40 made in order to permit the characteristics of each 
device to be measured separately. To accommo- 
date these additional contacts, it is necessary to 
increase the area of the n+ Si layer, thereby 
substantially increasing the drain/cathode capaci- 

45 tance. 

Fig. 6 is a top planar view showing a com- 
pleted GaAs/AIGaAs LED 210 surrounded by a Si 
MOSFET 200 made as described above. The LED 
mesa has a diameter of 75 x 10" 3 mm (75 

50 microns), and the unmetallized opening 80 for LED 
emission has a diameter of 50 x 10" 3 mm (50 
microns). The MOSFET has a gate length of 5 x 
10" 3 mm (5 microns) and gate width of 1.6 mm. 
The MGS MOSFETs 200 have normal transistor 

55 characteristics. Fig. 7A shows the characteristics of 
a typical device, which delivers about 120 mA with 
both gate and drain set at 5 V. Fig. 7B shows the 
characteristics of a control MOSFET fabricated on 
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a separate Si wafer. The characteristics of the 
devices fabricated with and without GaAs/AlGaAs 
growth and processing steps are seen to be almost 
the same. 

The MGS LED 210 has a breakdown voltage of s 
about 16 V with negligible leakage current, as 
shown in Fig. 8. This is the same as the value 
obtained for control devices fabricated on a GaAs 
substrate. 

At low forward bias voltages, both the MGS io 
and control LEDs have an ideality factor close to 2, 
indicating that recombination is the dominant 
mechanism of current flow. However, at a given 
bias voltage, the current is about 50 times higher 
for the MGS devices than for the control devices. rs 
This implies that the minority carrier lifetime is 
much shorter for the MGS GaAs/AIGaAs layers 
than for the control layers. 

Fig. 9 shows the light output vs DC current 
characteristic for MGS LED 210. A microscope lens 20 
with numerical aperture of 0.65 was used to focus 
the light on a 1 -cm-diameter p-i-n photodiode de- 
tector. The characteristic is slightly sublinear be- 
cause of heating. At 100 mA DC current, the output 
is about 6.5 uW, which is 10-15% of the output 25 
from control devices. 

The MGS LEDs have a non-uniform near-field 
pattern with many dark spots, while the pattern for 
the control LEDs is uniform. The peak of the MGS 
LED spectrum is at 875 nm, about 5 nm greater 30 
than that for the control devices. The shift can be 
attributed to tensile stress in the MGS 
GaAs/AIGaAs layers. 

To characterize the heterojunction between the 
n+ Si and n+ GaAs layers, an l-V curve was 35 
measured for current flow between the MOSFET 
drain and LED cathode contacts 28 and 70. The 
characteristic was ohmic. showing that there is no 
barrier to the heterojunction. The measured resis- 
tance was 3 ohms. This value represents an upper to 
limit on the heterojunction resistance, since it in- 
cludes the resistance of the drain and cathode 
contacts. 

With the MGS LED anode 62 biased at 5 V, the 
light output was modulated by applying a stream of 45 
voltage pulses to the MOSFET gate 30/. The light 
was focused with the microscope lens on a 0.5- 
mm-diameter avalanche photodiode detector. 

Fig. 10A shows the gate voltage, LED current, 
and light output waveforms obtained when the volt- 50 
age pulses were applied at a repetition rate of 20 
MHz. The current waveform is distorted with re- 
spect to the voltage waveform in a manner char- 
acteristic of charging and discharging a capaci- 
tance, but the light output closely follows the cur- 55 
rent. These observations show that the output mod- 
ulation is limited not by the speed of the LED but 
by the rate at which the MOSFET charges and 



discharges the drain/cathode capacitance, which is 
estimated to be about 200 pF. This conclusion is 
confirmed by the fact that modulation rates ex- 
ceeding 100 MHz were obtained when the LED 
was driven directly with a pulse generator. Fig. 10B 
shows the waveforms obtained when a bit pattern 
was applied to the gate at a modulation rate of 27 
Mbps. Although there is some pattern effect, each 
bit is clearly resolved. 

III. SUMMARY 

The monolithic integration of Si MOSFETs with 
GaAS MESFETs and also with GaAs/AIGaAs 
do uble-hete restructure LEDS, has been described. 
The operating characteristics of the MGS MOS- 
FETs and MESFETs are comparable to those of 
similar devices fabricated on separate Si and GaAs 
substates. LED modulation rates up to 27 Mbps 
have been accomplished by applying a stream of 
voltage pulses to the MOSFET gate. It should be 
possible to achieve much higher modulation rates 
by scaling down the device dimensions to reduce 
parasitic capacitance. 

Equivalents 

While the above described embodiments of the 
invention are preferred, other configurations will be 
readily apparent to those skilled in the art. For 
example, the term Si substrate or wafer is intended 
to include an SOS (Silicon on Sapphire) substrate, 
or a Silicon on Insulator (Si on Si02 on Si) sub- 
strate - In addition to LEDs, other optoelectronic 
devices may be fabricated on the exposed Si sur- 
face, such as lasers or light detectors. Other type 
transistors, such as bipolar or modulation doped 
FETs (MODFETs) may be substituted for the MES- 
FETs or the Si MOSFETs. 

Claims 

1. A method of fabricating compound semicon- 
ductor devices (210) of lll-V or ll-VI material 
and semiconductor devices (200) of silicon on 
a common substrate of a first conductivity type 
with low resistance interconnections between 
the compound semiconductor devices and the 
silicon devices formed in the substrate com- 
prising the steps of: 

(a) forming Si devices (200) having regions 
of a second conductivity type opposite to 
said first conductivity type (34730732*) and 
wherein one of said regions (32') extends 
laterally along the planar surface of the sub- 
strate; 

(b) forming a protective layer (16717') over 
the Si devices and the remainder of said 
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substrate surface; 

(c) forming openings laterally displaced 
from the Si devices through said protective 
layer to expose regions of the surface of 
said substrate, a portion of the perimeter of 5 
one of said openings being coextensive with 
said extended region, the substrate region 
underlying said opening being heavily dop- 
ed to form a low resistance region (50) of 

said second conductivity type extending to 10 
the planar surface of the substrate in con- 
tact with the extended region; 

(d) forming a layer (54) of said compound 
semiconductor on the protective layer and 

the exposed surface regions, which layer is 75 
single crystalline above the exposed surface 
regions and polycrystalline elsewhere; 

(e) removing the compound semiconductor 
polycrystalline layer; 

(f) forming said compound semiconductor 20 
devices (56/58/60/62) having junctions 
formed of second conductivity type regions 

on the remaining single crystalline com- 
pound semiconductor (54) with the low re- 
sistance region (50) contacting said ex- 25 
tended region 32' of said Si devices to form 
said low resistance interconnection in said 
substrate; and 

(g) forming ohmic contacts (72, 70, 28') on 

said devices (200, 210). 30 

A method as claimed in claim 1 , characterised 
in that the low resistance region (50) is formed 
before the protective layer (1671 7*) is formed. 

35 

A method as claimed in claim 1 , characterised 
in that the low resistance region is formed 
during the formation of the compound semi- 
conductor layer. 

40 

A method as claimed in any preceding claim, 
characterised in that the substrate comprises a 
single crystal: silicon, or a silicon on sapphire, 
or a silicon-on-insulator substrate. 

45 

A method as claimed in any preceding claim, 
characterised in that the protective layer com- 
prises a layer of S1O2 (16*). 

A method as claimed in any preceding claim, so 
characterised in that the protective layer com- 
prises layers of StCh (16') and Si 3 N 4 (17*). 

A method as claimed in any preceding claim, 
characterised in that the compound semicon- 55 
ductor is GaAs or an alloy thereof. 

A method as claimed in claim 7, characterised 



in that the gallium arsenide semiconductor de- 
vice is an optoelectronic device (210). 

9. A method as claimed in any preceding claim, 
characterised in that the Si devices are part of 
an Si circuit. 

10. A method as claimed in any preceding claim, 
characterised in that the compound semicon- 
ductor devices are transistors from the class 
comprising MESFETs, bipolar transistors, or 
modulation doped FETs. 

11. A method as claimed in any preceding claim, 
characterised in that the compound semicon- 
ductor devices are optoelectronic devices from 
the class comprising LED, lasers and light de- 
tectors. 

12. A method as claimed in any preceding claim, 
characterised in that the compound semicon- 
ductor devices are part of a circuit consisting 
of transistors and optoelectronic devices. 

13. A method as claimed in any preceding claim, 
characterised in that the ohmic contacts for 
said Si devices and compound semiconductor 
devices is formed after the compound semi- 
conductor device is formed and the ohmic 
contacts for the Si devices is formed through 
openings made in said protective layer. 

PatentansprUche 

1. Verfahren zum Herstellen von zusammenge- 
setzten Halblerteranordnungen (210) aus Ill-V- 
oder ll-VI-Material und Halbleiteranordnungen 
(200) aus Silizium auf einem gemeinsamen 
Substrat eines ersten Leitfahigkeitstyps mit 
Verbindungen mit geringem Widerstand zwi- 
schen den zusammengesetzten Halbleiteran- 
ordnungen und den Siliziumanordnungen, die 
in dem Substrat gebildet sind, bestehend aus 
den Schritten, 6aB 

a) Si-Anordnungen (200) mit Zonen eines 
zweiten Leitfahigkeitstyps gegenuber dem 
ersten Leitfahigkeitstyp (34730732*) gebildet 
werden, wobei eine der Zonen (32*) seitlich 
entlang der ebenen OberflSche des Sub- 
strats fortgefuhrt ist, 

b) eine Schutzschicht (16717 1 ) Uber den Si- 
Anordnungen und dem verbleibenden Teil 
der Substratoberflache gebildet wird, 

c) Offnungen seitlich versetzt von den Si- 
Anordnungen durch die Schutzschicht hin- 
durch gebildet werden, urn Zonen der Ober- 
flache des Substrats freizulegen, wobei ein 
Bereich des Umfangs einer der Sffnungen 
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eine Legierung von diesem ist. 

a Verfahren nach Anspruch 7, dadurch gekenn- 
zeichnet, daB die Galliumarsenid-Halbleiteran- 
. ordnung eine optoelektronische Anordnung 
(210) ist. 

9. Verfahren nach einem beliebigen vorhergehen- 
den Anspruch, dadurch gekennzeichnet, daB 
die Si-Anordnungen Teil eines Silizium-Schalt- 
kreises sind. 

10. Verfahren nach einem beliebigen vorhergehen- 
den Anspruch, dadurch gekennzeichnet, daB 
die zusammengesetzten Halbleiteranordnun- 
gen Transistoren der Klasse sind, die MES- 
FETs. bipolare Transistoren Oder modulations- 
dotierte FETs umfaBt. 

11. Verfahren nach einem beliebigen vorhergehen- 
den Anspruch, dadurch gekennzeichnet, daB 
die zusammengesetzten Halbleiteranordnun- 
gen optoelektronische Anordnungen der Klasse 
sind, die LED, Laser und Lichtdetektoren urn- 
fassen. 
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die gleiche Erstreckung mit der fortgefuhr- 
ten Zone aufweist und die unter der Offnung 
liegende Substratzone hochdotiert ist, urn 
eine Zone (50) geringen Widerstands des 
zweiten LeitfShigkeitstyps zu bitden, die 
sich zur ebenen Oberflache des Substrats 
in Kontakt mit der fortgefuhrten Zone er- 
streckt, 

d) eine Schicht (54) des zusammengesetz- 
ten Halbleiters auf der Schutzschicht und 
den freigelegten Oberflachenzonen gebildet 
wird, welche Schicht uber den freigelegten 
Oberflachenzonen einkristallin und im ubri- 
gen polykristallin ist, 

e) die zusammengesetzte Halbleiter-Polykri- 
stallinschicht entfernt wird, 

f) die zusammengesetzten Halbleiteranord- 
nungen (56/58/60/62) mit Ubergangen gebil- 
det werden, die von Zonen des zweiten 
Leitfahigkeitstyps auf dem verbleibenden 
einkristallinen zusammengesetzten Halblei- 
ter (54) gebildet sind, wobei die Zone (50) 
geringen Widerstands die fortgefGhrte Zone 
(32') der Si-Anordnungen zur Bildung der 
Verbindung mit geringem Widerstand im 
Substrat berUhrt, und 

g) ohmsche Kontakte (72,70,28') auf den 
Anordnungen (200,210) gebildet werden. 
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12. Verfahren nach einem bel 
den Anspruch, dadurch 



2. Verfahren nach Anspruch 1, dadurch gekenn- 30 
zeichnet, daB die Zone (50) mit niedrigem Wi- 
derstand gebildet wird, bevor die Schutz- 
schicht (16\17*) gebildet wird. 

3. Verfahren nach Anspruch 1, dadurch gekenn- 35 
zeichnet, daB die Zone mit niedrigem Wider- 
stand wahrend der Bildung der zusammenge- 
setzten Halbleiterschicht gebildet wird. 

4. Verfahren nach einem beliebigen vorhergehen- 40 
den Anspruch, dadurch gekennzeichnet, daB 

das Substrat ein Einkristall: Silizium oder ein 
Silizium auf Saphir oder ein Silizium-auf- 
Isulator-Substrat umfaBt. 

45 

5. Verfahren nach einem beliebigen vorhergehen- 
den Anspruch, dadurch gekennzeichnet, daJ3 
die Schutzschicht eine Schicht aus Si02 (16') 
umfaBt. 

50 

6. Verfahren nach einem beliebigen vorhergehen- 
den Anspruch, dadurch gekennzeichnet, daB 
die Schutzschicht Schichten aus Si02 (16') 
und Si 3 N 4 (17') umfaBt. 

55 

7. Verfahren nach einem beliebigen vorhergehen- 
den Anspruch, dadurch gekennzeichnet, daB 
der zusammengesetzte Halbleiter GaAs oder 



iebigen vorhergehen- 
gekennzeichnet, daB 
die zusammengesetzten Halbleiteranordnun- 
gen Teil eines Schaltkreises sind, der aus 
Transistoren und optoelektronischen Anordnun- 
gen besteht. 

13. Verfahren nach einem beliebigen vorhergehen- 
den Anspruch, dadurch gekennzeichnet, daB 
die ohmschen Kontakte fOr die Si-Anordnun- 
gen und zusammengesetzten Halbleiteranord- 
nungen gebildet werden, nachdem die zusam- 
mengesetzte Halbleiter-Anordnung gebildet ist, 
und die ohmschen Kontakte fur die Si-Anord- 
nungen durch in der Schutzschicht hergestellte 
Offnungen gebildet werden. 

Revendicatlons 

1. Proc^de de fabrication de dispositifs semi- 
conducteurs composites (210) en materiaux III- 
V ou ll-VI et des dispositifs semi-conducteurs 
(200) en silicium sur un substrat commun d*un 
premier type de conductivity avec des inter- 
connexions de faible resistance entre les dis- 
positifs semi-conducteurs composites et les 
dispositifs en silicium formes dans le substrat, 
comprenant les Stapes de: 

(a) former des dispositifs si (200) ayant des 
regions d'un second type de conductivity 
opposee audit premier type de conductivity 
(34730732') et dans lesquels une des r£- 
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gions (32') s'etend lateralement te long de 
la surface plane du substrat; 

(b) former une couche protectrice (16Vir) 
par dessus les dispositifs Si et le restant de 
ladite surface du substrat; 5 

(c) former des trous de>lac6s lateralement 
par rapport aux dispositifs Si k travers ladite 
couche protectrice pour exposer des re- 
gions de la surface dudit substrat, une par- 
tie du pe>imetre d'un desdits trous s'eten- to 
dant dans la meme region que ladite region 
etendue, la region du substrat sous ledit 

trou etant fortement dopp^e pour fournir 
une region de faible resistance (50) dudit 
second type de conductivity s'etendant vers 75 
la surface plane du substrat en contact avec 
ladite region etendue; 

(d) former une couche (54) dudit semicon- 
ducteur composite sur la couche de protec- 
trice et les regions expos£es de ladite sur- 20 
face, ladite couche etant monocristalline au- 
dessus des regions expos^es de la surface 

et polycristalline ailleurs; 

(e) enlever la couche polycristalline du 
semi-conducteur composite; 25 

(f) former lesdits dispositifs semiconduc- 
teurs composites (56/58/60/62) ayant des 
jonctions formees de regions dudit second 
type de conductivity sur le semi-conducteur 
composite (54) monocristallin restant avec 30 
la region de faible resistance (50) en 
contact avec ladite region etendue (32) des- 
dits dispositifs Si pour former des intercon- 
nexions de faible resistance dans ledit subs- 
trat; et 35 

(g) former des contacts ohmiques 
(72,70,28') sur lesdits dispositifs (200.210). 

Z Procede selon la revendication 1, caracterise 

en ce que la region (50) de faible resistance ao 
est formee avant la formation de la couche 
protectrice (16717'). 

3. Procede selon la revendication 1, caracterise 

en ce que la region de faible resistance est 45 
formee pendant la formation de la couche 
semi -conduct rice composite. 

4. Procede selon une revendication precedente 
quelconque, caracterise en ce que le substrat so 
est un monocristal: un substrat en sicilium, ou 

un substrat en silicium sur saphire, ou un 
substrat en silicium sur isolant. 

5. Procede selon une revendication precedente 55 
quelconque, caracterise en ce que la couche 
protectrice est une couche de SiCfe (16'). 



6. Procede selon une revendication precedente 
quelconque, caracterise en ce que la couche 
protectrice comprend des couches de Si02 - 
(16') et Si 3 N* (170). 

7. Procede selon une revendication precedente 
quelconque, caracterise en ce que le semi* 
conducteur composite est GaAS ou un alliage 
de GaAS. 

8. Procede selon la revendication 7, caracterise 
en ce que le dispositif semi-conducteur en 
arseniure de gallium est un dispositif optoeiec- 
tronique (210). 

9. Procede selon une revendication precedente 
quelconque, caracterise en ce que les disposi- 
tifs Si font partie d'un circuit Si. 

10- Procede selon une revendication precedente 
quelconque, caracterise en ce que les disposi- 
tifs semi-conducteurs composites sont des 
transistors de la classe comprenant les transis- 
tors k effet de champ MESFET. les transistors 
bipolaires et les transistors k effet de champ 
doppes par modulation. 

11. Procede selon une revendication precedente 
quelconque, caracterise en ce que les disposi- 
tifs semi-conducteurs composites sont des dis- 
positifs optoelectroniques de la classe compre- 
nant les diodes k luminescence, les lasers et 
les detecteurs de lumiere. 

12. Procede selon une revendication precedente 
quelconque, caracterise en ce que les disposi- 
tifs semi-conducteurs composites font partie 
d'un circuit forme de transistors et de disposi- 
tifs optoeiectronique. 

13. Procede selon une revendication precedente 
quelconque, caracterise en ce que les contacts 
ohmiques pour lesdits dispositifs Si et lesdits 
dispositifs semi-conducteurs composites sont 
formes apres que le dispositif semi-conducteur 
composite a ete forme et les contacts ohmi- 
ques pour les dispositifs Si sont formes a 
travers des trous amenages dans ladite couche 
protectrice. 
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